Oxygen uptake in maximally contracting muscle perfused at low flow with high O2 affinity erythrocytes.
To analyze the roles of blood flow and blood-tissue diffusion in determining oxygen (O2) availability to maximally exercising skeletal muscle, we investigated the influence of low flow on the O2 uptake (VO2)-venous PO2 (PVO2) relation with normal and high O2 affinity erythrocytes. We prepared normal and high O2 affinity erythrocytes by incubating human citrate-phosphate-dextrose-stored erythrocytes with and without cyanate. We perfused maximally contracting gastrocnemius muscle at 4-Hz isometric twitch with solutions containing normal and high O2 affinity erythrocytes for 3 min in anesthetized dogs. During stimulation, perfusion flow was maintained low at 50 ml.min-1.100 g-1 with a perfusion pressure of 50 mmHg. PVO2 for normal affinity erythrocytes (25.6 Torr) was significantly (p < 0.05) higher than that for high O2 affinity erythrocytes (15.9 Torr). Nevertheless, the VO2 for normal and high O2 affinity erythrocytes was approximately the same value, 6.5 ml.min-1.100 g-1 (p > 0.05). The O2 extraction rate was approximately 80% in normal and high O2 affinity erythrocytes. These results indicate that VO2 at low flow was independent of PVO2 in maximally contracting skeletal muscle, although PVO2 was reversely correlated with O2 affinity. We suggest that this PVO2-independency of VO2 at low flow is caused by long red-cell transit time in the capillary without diffusion-limitation and/or a 20% constant arterio-venous shunt of arterial O2 delivery.